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Abstract 
Korean rice is a foreign genetic resources in the Philippines that has to be characterized 
for its proper germplasm utility. Ten Korean phenotypes were analyzed using correlation, 
clustering and principal component analyses (PCA) based on the 13 traits viz., culm length (CL), 
days to 50% flowering (D50F), days to maturity (DM), filled grains per panicle (FGP), flag leaf 
length (FLL), flag leaf width (FLW), grain length (GL), grain width (GW), grain yield (GY), 
plant height (PH), productive tillers (PT), spikelet fertility SF) and thousand grain weight (TGW) 
under different seasons of the Philippines. It was found out that Korean phenotypes had earlier 
D50F and DM, shorter CL and PH, more FGP, PT and SF, and higher GY under dry season than 
wet season. Each season had three groups based on the clustering analysis with a pattern. Group 
1 had phenotypes with heavy TGW, early D50F and DM, short PH and FLL; and more FGP, SF 
and GY; group 2 had long CL, wide FLW, light TGW; and late D50F and DM; and group 3 had 
short CL, narrow FLW and low PT. Correlation in FGP, PT and SF to GY was consistently high 
positive (r≥0.68) in two seasons. Also, PCA consistently showed that GY, PH and PT were the 
highest contributors of variation  with an average of 21.42% in two seasons. Korean GY 
therefore was highly variable but attaining higher GY can be possible by utilizing grain-filling 
(FGP and SF) and productive tillering (PT) traits as selection indices in the breeding program. 
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Introduction 
Rice is the most desired crop in the Philippines and in the world. International Rice 
Research Institute (IRRI) required an estimated yearly budget of 797, 553 US dollars to do rice 
germplasm conservation and its other activities (Schreinemachers et al., 2014), indicating 
importance of the crop. Philippines has its rice research institute, PhilRice, that has conserved 
14,388 germplasm and counting from the local and foreign rice cultivars (Rabara et al., 2015). 
These resources will be evaluated for yield, biotic and abiotic tolerance with better grain quality. 
The grain quality has to be developed. In the Philippines, Juliano (1971) simplified an assay for 
milled-rice amylose, Lapitan et al. (2007) assessed the molecular diversity of Philippine rice 
cultivars carrying good quality traits and Juliano (2010) made country’s grain quality standards 
for grain quality development. Further, market demand, culinary and consumption value  in rice 
(Wan et al., 2004; Lapitan et al., 2007; Takeuchi et al., 2007;  Kobayashi et al., 2008; Kwon et 
al., 2011) has led to the concept that a variety must have a high grain quality (Pingali et al., 
1997). For example, a japonica type such as Korean rice varieties (Corales and Aquino, 2016) 
received major attention on its palatability and quality (Kobayashi et al., 2008 and Kwon et al., 
2011). Corales and Aquino (2016) reported the Korean rice adaptation and commercialization in 
Pangasinan and Tarlac, Philippines. They found out that among eight Korean rice varieties, four 
varieties were suited in Pangasinan and Tarlac, Philippines such as Hanareumbyeo 2, Milyang 
23, Taebaegbyeo and Dasanbyeo with corresponding mean yield (t/ha) of 6.37, 5.91, 5.78, 5.55, 
respectively in two years. Quitel et al. (2017) also concluded that Korean rice traits and its 
variety could be a potential source for rice improvement in Type IV climate of the Philippines. 
Given the abovementioned, this study aimed to differentiate variation and the clustering of the 
  
Korean phenotypes, and determine the correlation between traits and variance contribution of the 
trait groups in two seasons. 
Materials and methods 
Crop establishment and management 
The study was consisted of 10 Korean rice that was laid out in random complete block 
design (RCBD) for three replications at PhilRice Midsayap Station, Mindanao, Philippines on 
wet season (October 2016 to January 2017) and dry season (March to June 2017). The tested 
materials were Dasanbyeo, Gayabyeo, Hanareum-2, Hanareumbyeo, Hangangchal, 
Hiyangmibyeo, Jinbyeo, Namcheonbyeo, Namilbyeo and Taebaegyo and were sown through wet 
bed seeding method. Transplanting was done after 21 days in 10m2 plot. The rate fertilizer was in 
70 kg/ha (14-14-14) and 8.33 kg/ha (0-0-60) at basal, 38 kg/ha (46-0-0) at tillering, and 83 kg/ha 
(21-0-0-24) at panicle initiation. Insecticide and herbicide spraying, spot weeding, and water 
levelling allowed the plants to grow well. Grains were then harvested at 85% maturity. 
Data management and analyses 
Data on 13 traits was gathered in two seasons. Traits were gathered following the 
methodology in SES (2002). Traits were culm length (CL), days to 50% flowering (D50F), days 
to maturity (DM), filled grains per panicle (FGP), flag leaf length (FLL), flag leaf width (FLW), 
grain length (GL), grain width (GW), grain yield (GY), plant height (PH), productive tillers (PT), 
spikelet fertility SF) and thousand grain weight (TGW). The statistical analysis was done by 
multiple softwares. STAR 2.01 (2014) computed the combined analysis of variance (ANOVA) in 
two seasons, coefficient of variation (CV), mean, minimum, maximum, range, standard deviation 
  
and least significant difference (LSD) test. XlStat (Addinsoft, 2010) provided the clustering, 
Mantel’s test, correlation and principal component analyses. 
Results and Discussion 
Analysis of variation 
Analysis of variance (ANOVA) revealed a significant difference between seasons in solar 
radiation with 74.1 absolute difference in dry over wet season (Table 1).  Other absolute value 
differences were 32.8mm in rain value and 1.3% in relative humidity advantages of wet season 
while 0.5°C in mean temperature, 0.3°C in maximum temperature, 0.6°C in minimum 
temperature advantages by dry season (Table 1). Combined ANOVA in two seasons showed that 
genotype (G) and season (S) had high significant or significant differences in 13 traits (Table 2). 
GxS was only significant in flag leaf width. Genotype by season interaction happens when tested 
genotypes showed inconsistent relative performance over different seasons (Fernandez, 1991). 
The effect of genotype was the main contributor of variation in the phenotypes in GY, TGW, SF 
and GL with 54%, 52%, 44% and 42%, respectively (Table 3). The effect of season was 65% in 
FLW, 46% in D50F, 43% in PH, 40% in FLL, 37% in PT, 35% in DM and 34% in GW (Table 
3). Also, CV was ranged from 2.6% to 19.5% (Table 3). Maphumulo et al. (2015) defined that 
20% or below CV denotes negligible experimental error in the gathered data. The data mean 
difference was further described by simple statistics. Higher values were seen in wet in CL, PH, 
FLL, FL, D50F and DM; and lower values of FGP, GL, GW, GY, PT, SF and TGW over dry 
season (Table 2, Figure 1), indicating that phenotypes had taller plants, bigger flag leaves, late 
flowering and maturing, lesser filled spikelets and grains, smaller and lighter grains, lower tillers 
and grain yield. In contrast to the phenotypes in wet season, phenotypes in dry season had 
  
expressed early flowering and maturity, shorter plants, more filled spikelets and grains, higher 
tillers and grain yield and high spikelet fertility. Dry season especially its significant solar 
radiation difference over the other season may had led to early maturity and high grain filling 
that cause heavier grains and higher yield of the phenotypes. Kim et al. (2014) showed that there 
was an estimated yield advantage of 26.18% in kg of Korean rice phenotypes under normal solar 
radiation over Korean phenotypes under low solar radiation. 
Clustering Analysis 
The grouping of phenotypes is based on clustering analysis, which phenotypes of high 
homogeneity will be in the same group while phenotypes of high heterogeneity will be on 
another group (Jaynes et al., 2003). Three groups were derived from both seasons (Figure 2). 
Scatter plot had -0.272 correlation with corresponding Mantel’s test value of 0.061 (Figure 3), 
indicating each season and its derived groups were not correlated. Table 4 showed the groups in 
each season with corresponding Korean rice members. In wet season, Dasanbyeo, 
Hanareumbyeo, Hiyangmibyeo and Namcheonbyeo of group 1 had higher means of 180.13 FGP, 
70.7% SF, 3.1mm GW, 25.57g TGW, 8.17 PT and 8.1t/ha GY; and lower means of 55.13 D50F, 
83.1 DM, 28.33 FLL and 85.3 PH over other groups. This group therefore was composed of 
phenotypes with more filled spikelets and grains, wider and heavier grains, more tillers and 
yield, earlier to flower and mature; and shorter flag leaves and height. Gayabyeo, Hanareum-2, 
Hangangchal, Jinmbyeo and Taebaegyo of group 2 also had the highest means of 57.9 D50F, 
84.67 DM, 61.6cm CL, 89.3cm PH, 1.5cm FLW and 31.67cm FLL, indicating phenotypes with 
late to flower and mature, taller culms and height, and bigger flag leaves. Namilbyeo, only 
member in group 3 had the highest 9.17mm GL, longer grains. On the other hand, grouping 
membership was different from dry season with six members in group 1, three members in group 
  
2 and one member in group 3. Dasanbyeo, Gayabyeo, Hanareumbyeo, Hiyangmibyeo, 
Namcheonbyeo and Namilbyeo of group 1 had higher fertility, higher number of grains and 
higher yield with 69.9% SF, 187.77 FGP and 6.6t/ha GY, respectively over the other groups. 
Group 2 composed of Hanareum-2, Hangangchal and Jinmbyeo had more tillers, 11.4 PT, and 
longer flag leaves, 39.27cm FLL. Taebaegyo, only phenotype in group 3 had wider grains and 
taller height with 2.7mm GW and 120.4cm PH, respectively.    
Correlation analysis 
The relationship of traits can be determined by correlation statistics. It was found out that 
there were 21 significant combinations of 13 high positive, four moderate positive and four high 
negative correlations across seasons (Figure 4).  High correlation than moderate between traits is 
usually preferred by researchers. High positive correlation was found in D50F to DM, FGP to 
SF, FGP to GY, SF to GY and PT to GY in wet season while CL to PH, D50F to DM, FGP to 
SF, GW to PT, FGP to GY, SF to GY, PT to GY and PH to PT in dry season. Among the 
correlations, D50F to DM, SF to FGP, FGP to GY, PT to GY and SF to GY had consistently 
high positive in two seasons. D50F to DM and SF to FGP correlations were expected because the 
later the plant to flower, the later it will mature, and the higher the fertility rate, the more grains 
are to be filled. Another, FGP, PT and SF were constantly correlated with GY, indicating that 
more PT with more grains could lead to higher GY. In comparison, GY has been reported to be 
directly affected by number of productive tillers (Surek and Beser, 2003; Gunasekaran et al., 
2010; Sahegdi, 2011; Roy et al., 2015), number of filled grains and spikelet fertility (Hairrmanis 
et al, 2010; Parvathi et al, 2011). Therefore, productive tillering and fertility-grain filling traits 
should be used as selection criteria in korean rice phenotypic yield improvement in the 
Philippines. Other notable relationship in dry season was found between CL to PH and PT to PH 
  
which was in unison to the result of Cantila et al., (2016) and Roy et al., (2015)  based on rice, 
respectively. Also, PT and GW had high positive correlation. Moukombi et al., (2011) however, 
found a negative correlation between these traits based on agro-morphological characterization 
of interspecific rice varieties but our result may be influenced by  warmer environment effect of 
the dry season. Negative correlation is due to interaction and competition between traits 
allocation of nutrients (Adams and Grafius, 1971; Lakshimi et al, 2014). The nutrients for 
example for grain filling stage that leads to higher GY will be utilized for plant growth, which 
happened to this study as PH was in high negatively correlated to GY.  The negative correlation 
was in parallel to findings of Roy et al., (2015) when studying the correlation with path 
coefficient analysis for yield and its related traits in rice. Other high negative correlation was 
found in TGW to DM and PH to SF. Roy et al., (2015) and Cantila et al., (2016) revealed a low 
correlation or insignificant correlation in TGW to DM and PH to SF in their respective rice 
studies.  
Principal component analysis 
The variance contribution in the trait groups express in percentage can be derived from 
principal component analysis (PCA). PCA retained six and five principal components in wet and 
dry season (Table 5), respectively using the variance percentage (O’Rourke and Hatcher, 2013) 
and eigen values greater than 1 (Iezzoni and Pritts, 1991). Six principal components (PCs) had 
77.53% total variation in wet season and five principal components had 75.2% in dry season. 
Thompson et al. (1998) reported that most of the variation is captured by PC1. Several 
researchers used three PCs to describe the variation found in rice in the Philippines (Bon et al, 
2005; 2011 and Cantila et al. 2016; 2017). Figure 5 showed the scatter plots of traits for each 
season. In wet season, FGP, GY, PH, PT and SFcomposed PC1 that contributed 22.48% of the 
  
variation. PC2 had D50F, DM and TGW with 16.35% while PC3 had CL and FLL with 11.8%. 
It was found out that yield, tillering, fertility and grain related traits (FGP and TGW) affected 
most of the Korean phenotypes. It was followed by phenological traits (D50F and DM) and 
growth-related traits (CL, FLL and PH). In dry season, PCA showed that GW, GY, PH and PT 
composed PC1 with 20.36%, D50F, DM and FGP in PC2 with 19.78%; and CLand GL in PC3 
with 15.15% of total variation. Yield and tillering, except for fertility were the main contributors 
for variation in Korean varieties in season 2. It was followed by phenological traits and growth 
related traits. Almost parallel results found in two PCAs, showing grain yield and tillering ability 
were the main contributories for the variation in Korean phenotypes. Gana et al. (2013) also 
found rice grain yield was among the main contributors of variation (PC1 group) for two 
consecutive seasons in Nigeria.  
Conclusion 
The significant season effect on the 13 traits can be concluded that the solar radiation and 
other climatic factors had led to early D50F and DM, shorter PH and CL and more FGP, SF and 
GY of Korean phenotypes under dry season in the Philippines. In clustering analysis, each 
season had three groups with a pattern. Group 1 had phenotypes with heavy TGW, early D50F 
and DM, short PH and FLL; and more FGP, SF and GY; group 2 had long CL, wide FLW, light 
TGW; and late D50F and DM; and group 3 had short CL, narrow FLW and low PT. Correlation 
in FGP to SF, and FGP, PT and SF to GY was consistently high positive (r≥0.68) in two seasons, 
indicating that selecting high FGP, SF and PT Korean phenotypes can lead to high GY. In 
grouping of traits, PCA consistently showed that PC1 had GY, PH and PT as the highest 
contributors of variation with an average of 21.42% in two seasons. Korean GY therefore was 
highly variable in two seasons but in order to obtain possible higher grain yield in Korean 
  
breeding improvement, grain-filling (FGP and SF) and productive tillering (PT) traits must be 
used as selection indices. 
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Tables and Figures 
Table 1.  Mean values of weather variables in two seasons with corresponding absolute 
difference  used in the study. 
Weather variables 
Means 
Absolute value difference 
Wet season Dry season 
Rain value (mm) 190.9a 158.1a 32.8 
Relative humidity (%) 82.5a 81.2a 1.3 
Mean temperature (°C) 27.7a 28.2a 0.5 
Maximum temperature (°C) 34.5a 34.8a 0.3 
Minimum temperature (°C) 20.9a 21.5a 0.6 
Solar radiation (W/m2) 430.2b 504.3a 74.1 
Means within each row followed by a different letter are significantly different from each other at 5% 
significance level. 
 
 
 
 
 
  
Table 2. ANOVA of 13 traits Korean rice phenotypes with their corresponding minimum and 
maximum value, range and standard deviation (SD). 
Traits Mean Minimum Maximum Range 
Standard 
deviation 
Culm length (cm) 
70.67a 55 86 31 6.37 
61.1b 58.5 73 14.5 5.52 
Days to 50% 
flowering 
62.33a 50 68 18 3.14 
56.23b 50 62 12 3.59 
Days to maturity 
87.77a 82 95 13 2.64 
83.63b 77 89 12 3.1 
Filled grains per 
panicle 
159.12b 109.3 242 132.7 29.71 
181.1a 146 264.3 118.3 27.55 
Flag leaf length (cm) 
37.37a 26.5 49 22.5 4.77 
29.65b 21.3 48 26.7 4.86 
Flag leaf width (cm) 
2.04a 1.5 2.7 1.2 0.29 
1.42b 1.2 1.8 0.6 0.14 
Grain length (mm) 
7.6b 4 9 5 1.11 
8.39a 7.1 9.4 2.3 0.6 
Grain width (mm) 
2.48b 1.4 3.1 1.7 0.42 
3.02a 2.2 3.9 1.7 0.33 
Grain yield (t/ha) 
5.52b 0.9 8.7 7.8 1.88 
7.48a 2.6 11.6 9 1.99 
Plant height (cm) 
103.69a 83.9 134 50.1 12.21 
86.6b 72 102 30 7.07 
Productive tillers 
7.45b 3.3 12 8.7 1.99 
10.79a 7.3 17.7 10.4 2.4 
Spikelet fertility (%) 
62.93b 36.5 81 44.5 10.74 
69.91a 54 85.6 31.6 8.18 
Thousand grain 
weight (g) 
21.54b 13.9 26.4 12.5 2.66 
24.97a 14 29.2 15.2 2.93 
Means within each row followed by a different letter are significantly different from each other at 5% 
significance level. Non-italic numbers refer to data in wet season while italic numbers refer to data in dry 
season. 
 
 
 
 
  
Table 3. Combined ANOVA in two seasons for 13 traits based on 10 Korean rice phenotypes. 
Traits Estimates 
Source of variation CV 
(%) Season(S) Rep(R) Geno(G) G x S Error 
CL 
(cm) 
SS(%) 1372.8(40) 75.1(2) 851.9(25) 85.9(3) 1048.5(31) 
8.2 
MS 1372.8** 18.8ns 94.7** 9.5ns 29.1 
D50F 
SS(%) 558.2(46) 97.9(8) 316.0(26) 48.0(4) 198.1(16) 
4 
MS 558.2** 24.5** 35.1** 5.3ns 5.5 
DM 
SS(%) 256.3(35) 87.7(12) 190.9(26) 18.19(2) 183.6(25) 
2.6 
MS 256.3* 21.9ns 21.2** 2ns 5.1 
FGP 
SS(%) 7246.8(13) 1026.8(2) 21711.7(40) 483.8(1) 24391.3(44) 
15.3 
MS 7246.8** 256.7ns 2412.4** 53.8ns 677.5 
FLL 
(cm) 
SS(%) 895.5(40) 75.5(3) 486.1(22) 70.1(3) 713.9(32) 
13.3 
MS 895.5** 18.9ns 54* 7.8ns 19.8 
FLW 
(cm) 
SS(%) 5.7(65) 0.1(1) 1.2(13) 0.7(8) 1.1(13) 
10.1 
MS 5.7** 0.025ns 0.1** 0.1* 0 
GL 
(mm) 
SS(%) 9.2(17) 3.2(6) 23.6(42) 5.3(9) 14.4(26) 
7.9 
MS 9.2* 0.8ns 2.6** 0.6ns 0.4 
GW 
(mm) 
SS(%) 4.4(34) 0.8(6) 3.1(24) 1.1(8) 3.4(26) 
11.1 
MS 4.4** 0.2ns 0.3** 0.1ns 0.1 
GY 
(t/ha) 
SS(%) 57.2(21) 6.7(2) 149.1(54) 29.2(11) 32.5(12) 
14.6 
MS 57.2** 1.7ns 16.6** 3.2ns 0.9 
PH 
(cm) 
SS(%) 4382.7(43) 441.7(4) 1807.6(18) 1508.5(15) 2014.7(20) 
7.9 
MS 4382.7** 110.4ns 200.8** 167.6ns 56 
PT 
SS(%) 166.7(37) 45.1(10) 86.49(19) 36.2(8) 114.2(25) 
19.5 
MS 166.7* 11.3* 9.6** 4ns 3.2 
SF 
(%) 
SS(%) 732.2(12) 115.7(2) 2650.8(44) 987.9(16) 1526.6(25) 
9.8 
MS 732.2** 28.9ns 294.5** 109.8ns 42.4 
TGW 
(g) 
SS(%) 176.5(28) 6.9(1) 327.19(52) 1.6(0.3) 118.2(19) 
7.8 
MS 176.5** 1.7ns 36.3** 0.2ns 3.3 
Abbreviations: CL= culm length; D50F= days to 50% flowering; DM= days to maturity; FGP= filled 
grains per panicle; FLL= flag leaf length; FLW= flag leaf width; GL= grain length; GW= grain width; 
GY= grain yield; PH= plant height; PT= productive tillers; SF= spikelet fertility; TGW= thousand grain 
weight. Enclosed numbers refers to percentage in SS estimates. **=refers to high significance, *= refers 
to significance and ns= non-significance based on ANOVA. 
 
 
 
 
 
  
Table 4. Groups derived in clustering analyses in each season with corresponding mean values of traits 
used in the study. 
Traits 
Groups (wet season) Groups (dry season) 
1(n) 2(n) 3(n) 1(n) 2(n) 3(n) 
Dasanbyeo, 
Hanareumbyeo, 
Hiyangmibyeo and 
Namcheonbyeo 
(4) 
Gayabyeo, 
Hanareum-2, 
Hangangchal, 
Jinmbyeo and 
Taebaegyo (5) 
Namilbyeo 
(1) 
Dasanbyeo, 
Gayabyeo, 
Hanareumbyeo, 
Hiyangmibyeo, 
Namcheonbyeo 
and 
Namilbyeo (6) 
Hanareum-2, 
Hangangchal  
and 
Jinmbyeo (3) 
Taebaegyo 
(1) 
CL 
(cm) 
61.17a 61.6a 59.43a 70.7a 71.93a 64.43a 
D50F 55.13a 57.9a 57.67a 61.2a 63.13a 63a 
DM 83.1a 84.67a 83.67a 86.43a 88.93a 87.33a 
FGP 180.13a 147.07a 135.37a 187.77a 170.27a 173.77a 
FLW 
(cm) 
1.4a 1.5a 1.33a 2.03a 2.07a 1.97a 
FLL 
(cm) 
28.33a 31.67a 31.7a 35.37a 39.27a 35.97a 
GL 
(mm) 
8.2b 8.4b 9.17a 7.3b 7.87a 7.27b 
GW 
(mm) 
3.1a 2.97ab 2.7b 2.5a 2.4a 2.7a 
GY 
(t/ha) 
8.1a 6.4b 7.2ab 6.6a 5.5b 1.5c 
PH 
(cm) 
85.4a 89.3a 85.4a 96.6b 106b 120.4a 
PT 8.17a 7.3a 5.33b 10.77a 11.4a 9.33a 
SF 
(%) 
70.7a 68.1a 70.7a 69.9a 62.4a 37.7b 
TGW 
(g) 
25.57a 23.63a 25.3a 22.53a 20.87a 20.93a 
Abbreviations: CL= culm length; D50F= days to 50% flowering; DM= days to maturity; FGP= filled 
grains per panicle; FLL= flag leaf length; FLW= flag leaf width; GL= grain length; GW= grain width; 
GY= grain yield; PH= plant height; PT= productive tillers; SF= spikelet fertility; TGW= thousand grain 
weight. Means within each row followed by a different letter are significantly different from each other at 
5% significance level. 
 
  
 
  
Table 5.  Eigen value and contribution of the first six principal components axes to variation in Korean 
rice phenotypes in each season used in the principal component analysis. 
Variables PC1 PC2 PC3 PC4 PC5 PC6 
Eigenvalue 
2.92 2.13 1.53 1.25 1.21 1.03 
2.65 2.57 1.97 1.42 1.17 0.97 
Variability (%) 
22.48 16.35 11.80 9.62 9.34 7.92 
20.36 19.78 15.15 10.94 8.98 7.47 
Cumulative % 
22.48 38.84 50.64 60.26 69.61 77.53 
20.36 40.14 55.29 66.22 75.20 82.67 
Culm length (cm) 
0.01 0.07 0.26 0.19 0.21 0.11 
0.10 0.31 0.47 0.00 0.01 0.00 
Days to 50% flowering 
0.00 0.42 0.05 0.03 0.08 0.14 
0.32 0.39 0.00 0.00 0.14 0.00 
Days to maturity 
0.08 0.49 0.06 0.00 0.18 0.00 
0.29 0.44 0.01 0.00 0.16 0.00 
Filled grains per panicle 
0.38 0.00 0.16 0.01 0.02 0.00 
0.08 0.38 0.01 0.05 0.35 0.00 
Flag leaf length (cm) 
0.05 0.03 0.31 0.04 0.05 0.13 
0.03 0.24 0.06 0.05 0.01 0.47 
Flag leaf width (cm) 
0.02 0.00 0.28 0.49 0.01 0.03 
0.22 0.05 0.06 0.33 0.01 0.12 
Grain length (mm) 
0.01 0.27 0.01 0.08 0.14 0.36 
0.00 0.00 0.49 0.02 0.04 0.06 
Grain width (mm) 
0.07 0.01 0.21 0.18 0.30 0.01 
0.31 0.06 0.00 0.28 0.00 0.15 
Grain yield (t/ha) 
0.75 0.03 0.00 0.04 0.08 0.00 
0.26 0.22 0.25 0.03 0.02 0.01 
Plant height (cm) 
0.46 0.21 0.00 0.00 0.08 0.05 
0.52 0.03 0.12 0.02 0.09 0.10 
Productive tillers 
0.31 0.07 0.13 0.01 0.05 0.09 
0.45 0.01 0.06 0.13 0.25 0.00 
Spikelet fertility (%) 
0.74 0.00 0.01 0.00 0.01 0.00 
0.04 0.34 0.37 0.00 0.02 0.01 
Thousand grain weight (g) 
0.04 0.53 0.04 0.19 0.01 0.10 
0.03 0.09 0.08 0.51 0.07 0.04 
Non-italic numbers refers to data in wet season while italic numbers refers to data in dry season. Bold 
numbers correspond for each variable to the principal component for which the squared cosine is the 
largest. 
 
 
 
  
 
Figure 1. Ten Korean rice and their grain samples showed a variation in each season. Letters 
were denoted as follows: a=Dasanbyeo, b=Gayabyeo, 3=Hanareum-2, 4=Hanareumbyeo, 
5=Hangangchal-1, 6=Hyangmibyeo, 7=Namcheonbyeo, 8=Taebaegbyeo, 9=Jinmbyeo and 
10=Namilbyeo. 
 
 
Figure 2. Clustering analysis derived three groups in two seasons. 
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Figure 3. Mantel’s test provided scatter plot and histogram to describe the correlation of the two 
clustering results. 
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Figure 4. Correlation analysis between 13 traits found in Korean rice phenotypes. 
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Figure 5. Scatter plots in two seasons based on the Korean rice phenotypes as bases for principal 
component analysis. 
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